INtroductIoN
Seaweeds as sea lettuce (Ulva sp.) are common on French seashore. In some conditions they can even become invasive and cause environmental problems. Their valorization in animal feeding would be valuable, but it is limited by their low protein content (around 10%DM). In the framework of studies on protein enrichment of algae, there was a need for tools for monitoring the kinetics of protein accretion when cultivated in fertilized waters.
Non-destructive direct measurement by NIRS on fresh samples was tested to evaluate the potential of this tool.
In addition, NIRS measurements were also performed in the laboratory on dried samples to evaluate NIRS for more precise measurements.
MatErIalS aNd MEthodS
Algae were collected in the coastal ponds around Palavas (southern France) and cultivated in three different culture conditions in sea water tanks. The first culture condition consisted in three 3 m 2 tanks with stagnant water and Nitrogen (as NH 4 Cl) and phosphorus (as KH 2 PO4) inputs. The second culture condition consisted in two 12 m 2 tanks with turbulent water and the same fertilizers plus CO 2 gas and iron gluconate. The third culture condition consisted in three 3 m 2 tanks with stagnant water and no fertilization (control treatment). The water depth was 0.5 m in all the tanks. They were sampled at least once a week over three months, leading to a total of 213 samples. Samples were rinsed with freshwater and excess water was removed in a spinner (1200 RPM for 5 minutes) of a washing machine.
NIR spectra on fresh spin-dried samples were collected in reflectance mode with a Labspec Pro spectrometer (ASD, Boulder, CO, USA), with a High Intensity Contact Probe (spot diameter 10 mm). Each sample was scanned 20 times and spectra were averaged. Samples were then oven-dried (55°C) and ground (1mm sieve).
Dry matter content (DM55 at 55°C and DM at 103°C), total nitrogen (N, Kjeldahl method, NF EN ISO 5983-2) and total minerals (ash, 550°C) were determined in the laboratory. Spectra on dried and ground samples were collected on a NIRSYSTEM 6500 (Foss, Silver Spring, MD, USA), in duplicate in standard circular cups (diameter 3.75cm) and averaged. All calibrations were performed with mPLS procedures in WinISI software. Several mathematical pretreatments of spectra were tested to identify the most adequate. A validation was performed by randomly removing 25 samples before calibrating, and applying the calibrations obtained on these samples. Calibration regression between measured and predicted values of nitrogen content obtained on fresh samples is shown on Figure 1 . NIRS calibrations developed on fresh samples (Table 1) Validation showed that DM55, ash and N calibrations were robust since SEP values (1.08%, 2.45%DM and 0.49%DM respectively) were close to SECV. However, calibration for ash was less precise and less robust than for DM55 and N as indicated by SECV and SEP quite high compared to SEC values.
As expected, calibration for N on dried samples was more precise than on fresh samples, with SEP values of 0.23%DM and 0.49%DM in dry and fresh samples respectively. Ash was also better calibrated on dry samples but the SEP was still high (nearly 3%DM) and RPD=3.3 (Table 1) . Calibration for nitrogen on dried samples was Direct measurement and prediction on fresh samples was applied to monitor the evolution of the protein content of Ulva in different culture conditions. The objective was to raise the nutritive value of the Ulva meal towards its inclusion in fish feed. Figure 2 shows that mean protein content (predicted nitrogen x 5.0) increased from 15%DM to 35% DM after 15 days with ammonia and phosphate fertilization. When carbon supplementation was applied in addition to nitrogen and phosphate, the protein content of the Ulva was lower, around 25%DM whereas it slightly decreased in the control culture condition. The lower protein gain in the 2 nd culture condition was likely due to a higher biomass increase, which diluted protein in additional polysaccharides.
coNcluSIoN
The results obtained allow a routine use of NIRS on fresh samples to monitor dry matter and nitrogen content of algae during cultivation for N enrichment. This is a useful tool since there is no use keeping the algae in cul- 
